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ABSTRACT

The surface roughness length at the NASA 150-meter meteorological
tower located at KSC is determined as a function of wind direction.
The roughness length estimates, which were calculated with wind profile
laws consistent with the Monin and Obukhov similarity hypothesis, were
determined for thirty-nine wind and temperature profiles. Most of the
cases were obtained during the hours of 0700 and 1600 EST,and the dura-
tion of each test ranged between one-half to one hour. The mean wind
speed data were obtained at the 18- and 30-meter levels, and the mean
temperature data were obtained at the 18- and 60-meter levels. For
those wind directions © in the ranges 0° = 9 < 150°, 180° = 8 < 240°,
and 300° = 6 < 360° the roughness length is 0.23m; for those wind direc-
tions in the ranges 150° = § < 180° and 240° = g < 300°, the roughness
length has the values 0.5lm and 0.65m, respectively.
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TECHNICAL MEMORANDUM X-53690

AN ANALYSIS OF THE ROUGHNESS LENGTH ASSOCIATED WITH
THE NASA 150-METER METEOROLOGICAL TOWER

SUMMARY

The surface roughness length at the NASA 150-meter meteorological
tower located at KSC is determined as a function of wind direction.
The roughness length estimates, which were calculated with wind profile
laws consistent with the Monin and Obukhov similarity hypothesis, were
determined for thirty-nine wind and temperature profiles. Most of the
cases were obtained during the hours of 0700 and 1600 EST and the dura-
tion of each test ranged between one-half to one hour. The mean wind
speed data were obtained at the 18- and 30-meter levels, and the mean
temperature data were obtained at the 18- and 60-meter levels. For
those wind directions & in the ranges 0° = 6 < 150°, 180° = 6 < 240°,
and 300° = 6 < 360° the roughness length is 0.23m; for those wind direc-
tions in the ranges 150° £ 8 < 180° and 240° = 6 < 300°, the roughness
length has the values 0.51m and 0.65m, respectively.

I. INTRODUCTION

In recent years, low altitude winds and turbulence have been the
object of extensive interest in the aerospace and meteorological com-
munity for the design of space vehicles, buildings, bridges, antennae,
aircraft, etc., turbulent diffusion, aircraft operations, and many
other engineering and scientific problems. The National Aeronautics and
Space Administration has addressed the problem of low level winds and
turbulence in the context of space vehicle design. NASA personnel are
now developing analytical models of launch vehicles which predict the
response of these vehicles to various types of ground wind forcing func-
tions. These forcing functions can be prescribed in terms of wind pro-
files, discrete gusts, gust factors, and spectral estimates of turbulent
wind fluctuations.

To provide meaningful ground wind design data for these response
and loading calculations, NASA has constructed a 150-meter meteorological
tower at the Kennedy Space Center, Florida. This tower, described by
Kaufman and Keene (1965), is located in the vicinity of Launch Complex 39
and is situated in a well exposed area free of nearby structures which
could interfere with the air flow. It is instrumented at the 18, 30,



60, 90, 120, and 150 meter levels with Climet wind sensors (Model Cl-14)
and Climet aspirated thermocouples (Model 016) located at the 18, 60,
120, and 150 meter levels.

To develop turbulence models based upon the data from this tower,
the surface roughness length z, of this site must be known. The param-
eter is of no great interest in itself, but rather, its importance lies
in the fact that it serves as a scaling length in the formulation of
boundary layer wind profile laws based upon asymptotic similarity con-
siderations (Blackadar, 1967) or heuristic considerations using eddy
coefficients (Blackadar, 1965). 1In the absence of vertical velocity
fluctuation data -- this is the situation at the NASA 150-meter meteoro-
logical tower -- these profile laws permit us to calculate the surface
fricdtion velocity. The friction velocity in turn is used as a velocity
scaling parameter which ultimately permits us to combine turbulence data
in the form of spectra, cospectra, variances, etc., based upon similar-
ity considerations.

II. THEORETICAL BACKGROUND

In the first 30 to 60 meters of the atmosphere, the Monin-Obukhov
similarity hypothesis predicts that

kz du _
—; G #(z/L), (1)

[=

where u is the mean® wind at height z, usx is the surface friction veloc-

ity, k is von Karman's constant with numerical value equal to approxi-
mately 0.4, #(z/L) is a universal function of z/L which is determined
experimentally, and L is the Monin-Obukhov stability length given by

T ik
L el @)

where cp is the specific heat at constant pressure, p and T denote the

mean density and Kelvin temperature, respectively, g is acceleration of
gravity, and H is the vertical heat flux. The friction velocity u, is

given by

U = N-u'w' o, (3)

1
All means are time averages.



where u' and w' denote the longitudinal and vertical velocity fluctua-
tions about the mean wind vector and the vertical heat flux is given by

H=pcp w'T', )

where T' is the temperature fluctuation about the mean temperature and
the overbar denotes the time averaging operator

T
<>=%f<>dt,
o]

7 being the interval of time over which the averaging process is per-
formed. If ¢(z/L) is known, it is possible to obtain the wind profile
by integrating equation (1) and applying the boundary condition that u
must vanish at z = zgy, where zp is the surface roughness length. z,
may be interpreted as that height above the local mean level surface of
the earth below which the flow has been disrupted to the extent that the
flow is completely turbulent; i.e., the mean flow vanishes for z = z,.
In terms of g(z/L), the wind profile is given by

-z/L
u

- _x Z 1 - #(8)
u I 1n 2 f : dﬁ} . (5)
-zo/L

There are various ways to calculate the roughness length z, from equa-
tion (5); however, in any event, three pieces of information are required.
This information can be (1) the mean wind speed measured at three levels,
or (2) the mean wind speed measured at two levels and either u, if H is
unknown or H if uy, is unknown, or (3) the mean wind speed measured at

one level, u, and H. In the Monin-Obukhov theory uy; and H are height
invariant, so that a calculation of these quantities at more than one
level gains little, unless the theory is incorrect. 1In that case, the
wind profile law must be reformulated ab initio. However, the theory is
most applicable near the surface of the earth so that the best estimate
of u, and H is obtained at the lower levels near the surface of the earth,
say below 10 m. 1In the first case, one would evaluate equation (5) at
three levels to yield three transcendental equations in three unknowns,
namely, zg, H and u,. These equations would be difficult to solve since
it would require a trial-and-error approach on the computer in view of
their complicated transcendental nature. In the case of the NASA 150-
meter meteorological tower, we would have to use the mean wind speeds



obtained at the 18-, 30-, and 60-meter levels; however, it is question-
able to employ the 60-meter level wind speeds since the Monin-Obukhov
theory tends to fail at these levels. 1In the second case, we would
evaluate equation (5) at two levels and solve for two unknowns, namely
z, and H if uy is known, and z, and U, if H is known. 1In the third case,
we would evaluate equation (5) at one level and solve for z, directly.
However, in both cases (2) and (3), we require w' data to calculate u,
and/or H. At the present time, the NASA 150-meter meteorological tower
does not possess the capability to obtain w' data; therefore, we must

use technique (1) to calculate z, or cast the theory in terms of param-
eters that can be measured within the capabilities of the current instru-
mentation at KSC in order to avoid the problem of solving a set of
complicated transcendental equations, The latter alternative is the
most expedient approach and it will permit a calculation of zg; with wind
data obtained at the 18- and 30-meter levels, levels at which the Monin-
Obukhov theory is valid.

The flux Richardson number is defined to be

S - - S 6
Rf T c uzgg-‘ ()
P p * dz
Combining equations (1) and (6), we find
Z = p(z/1) R )
L 2t £
The eddy heat conduction and viscosity coefficients are given by
H
S °
K, = - a0 (8)
dz
and
u .
Km_d_u 3 ()
dz

where 6 is the mean potential temperature.



Upon combining equations(2), (8), and (9), we find

2. Z Kh
L LTk (10)
m
where
o du
*
L= —dz (11)
do
k —
8 dz
Combining (6), (8) and (9), we obtain the additional relationship
R, = Eh Ri 12
f K b ( )
m
where Ri is the gradient Richardson number given by
g do
Rt = L42 (13)
)2
dz

Ri is called the gradient Richardson number since it is based upon the
gradients of 6 and u. Most investigators postulate Kh/Km to be a func-
tion of the gradient Richardson number. If this assumption is imposed,
equations (7), (10) and (12) constitute three equations in four unknowns,
namely, Rg, Ri, z/L and z/L', and it is possible to express three of
these unknowns in terms of the .fourth one. Thus, we can solve for Rf,
Ri, and z/L as functions of z/L' and conclude from equation (1) that

kz du _ z _
G; 7 <£ (Z/L'?> = % (2/L"), (14)
where g,(z/L') is a universal function of z/L'. 1Integration of equation

(14) yields a wind profile law identical in form to equation (5) with
@4, and L' replacing ¢ and L, respectively, so that



u:'c

u == 1n fz - Y (z/L") ¢, (15)

where ¥(z/L') is a universal function of z/L' given by

-z/L'
W(z/L") = f 1—';21-@1 dt (16)
-zo/L'

provided g,(z/L') is a known function.

The derivative d6/dz in equation (13) can be related to the vertical
temperature gradient by differentiating Poisson's law,

R/c
6 = T(ps/p) P 17)
and employing the condition for hydrostatic equilibrium,
d
E = - s, (18)

dz

where p; is the standard sea level pressure in appropriate units and R is
the specific gas constant for air. The desired result is

_ 1 /dt
‘E(E*f‘) (19)

@ =
%

Q.
N

We have used the ideal gas law

P = RpT (20)

in deriving equation (19). Within the atmospheric boundary layer we can
approximate



1 dsg . 1ds
T dz with 5 dz ’

so that equation (13) reads

g 4T . g
T (dz +AEp)

Ri = (21)

du
(E) 2

In practice, one usually obtains an estimate of Ri based upon the
mean wind speed and temperature profiles and then calculates z/L' from
an experimentally determined expression relating Ri and z/L'. Such an
expression is predicted to exist according to this analysis. Ri as given
by (21) is estimated with mean flow quantities that can be measured with
data obtained from the NASA 150-meter meteorological tower. Upon deter-
mining z/L', one calculates y with another experimentally determined
relationship which is obtained by experimentally determining @,(z/L')
and then producing the integral (15) with the assumption that z,/L'<< z/L'
so that the lower limit on this integral can be approximated as zo/L' ~ 0.
The functions z/L'(Ri) and {(z/L') have been determined by other investi-
gators based upon simultaneous measurements of the wind profile, the
longitudinal and vertical velocity fluctuations, and the mean temperature
profile made at various tower sites around the globe. According to Lumley
and Panofsky (1963),

-

Lz_‘ - RL (Ri < -0.01) (22)
(1 - 18Ri)1/4

Lz_' = Ri (-0.01 = Ri = 0.01) (23)

Z Ri .

Al vy (0.1 = Ri > 0.01). (24)

Presumably for Ri > 0.1 no simple relation exists between Ri and z/L'
since turbulence, if present at all, is relatively weak and the mean
flow at various levels tends to be uncoupled. Those cases associated
with Ri > 0.1 were not examined in this study. The function y(z/L')
that correspond to the expressions given by equations (23) and (24)
are given by



y(z/L")

1§

1
~
e

s

(-0.01 = Ri = 0.01) (25)

|
1
~J

¥(z/L') = (0.1 = Ri > 0.01). (26)

Panofsky (1963) has graphically indicated the function y(z/L') for
Ri < -0.01, and this author finds that the function

1.0674-.0678 1n(6éé%L)
V(z/L') = .044 <;fé% > (Ri < -0.01) (27)

faithfully reproduces his curve, This function is shown in figure 1.
One should keep in mind that the relationships (22) through (27) have
been deduced from measurements obtained at other sites. The Monin-
Obukhov similarity hypothesis concerns the dependency of the gradients
of 6 and u upon z/L and thus z/L' in view of our assumption concerning
Kh/Km. This hypothesis is independent of the site, and it is only
through the integration of equation (l14) and application of the lower
boundary condition (u = 0 at z = z,) that the site enters the picture.
In short, kz u;ldu/dz does not explicitly depend upon the terrain
features of the site, while u depends upon the site through z,. Since
the functional relationship between z/L' and Ri was derived directly
from the Monin-Obukhov similarity hypothesis and since Ri is independent
of the site, the function z/L'(Ri) is truly universal, so that it is
reasonable to assume that equations (22) through (24) are also valid at
KSC. Now, the function §(z/L') is weakly dependent upon z, through the
lower limit on the integral representation of §, so that y is site-
dependent. However, if we replace this lower limit with zero the con-
tribution to Y over the domain 0 = z/L': 2z /L' is negligible, so that,
although equations (25) through (27) are strictly valid for other sites,
the dependence upon z, and thus the site is small. Thus, they can be
safely used in studies involving KSC data.

Upon determining the mean temperature and wind speeds at two levels,
it is possible to calculate Ri with equation (21). Based upon this esti-
mate of Ri, we can calculate z/L' with the aid of one of the equations
(22) through (24). Finally, the function y(z/L') can be evaluated with
the appropriate equation from the set (25) through (27), and thus u, and

z, can be calculated with equation (15).



III. DATA PROCESSING PROCEDURES

This analysis was based upon thirty-nine cases of turbulence at
Kennedy Space Center. Most of these measurements were obtained during
the hours of 0700 and 1600 EST, and the duration time of each test
ranged between one-half to one hour. Mean wind speed data were obtained
at the 18- and 30-meter levels, and mean temperature data were obtained
at the 18- and 60-meter levels, Temperature at the 30-meter level was

estimated by interpolating logarithmically between the 18- and 60-meter
levels with the expression

z
In =2

T(z2) = T(zs) - {&(23) - T(z1) ____gi_ > (28)

Z1

where z7, z-, and zs equal 18, 30, and 60 m, respectively. An esti-
mate of the gradient Richardson number at the 23-meter level (geo-
metric mean height between the 18- and 30-meter levels) was determined
by assuming logarithmic distributions for the mean wind and temperature

between these levels. The gradient Richardson number estimated in
this manner is given by

g {?(22) - T(z1) Ji}
- Cp
22

Z2
T ‘zg 1n (21)

Ri(zg) = (29)

g b

2
u(zz) - u(zﬁ]

1n (zx/27)

where
7z = lezg (30)

and




Then, z,/L' was evaluated for each case by means of one of the three
equations (22) through (24) corresponding to the appropriate Richardson
number. L' was then assumed to be invariant with height, and ¥(18/L")
and ¥(30/L') were estimated with one of the equations given by (25)
through (27) corresponding to the appropriate Richardson number class.
Equation (15) was then evaluated at the 18- and 30-meter levels to yield
two equations in the two unknowns, ujx and z,, which are given by

u(zp) - U(Zl)
u, = k { x— (32)
In(zo/zy) - ¥(zo/L') + Y(z,/L") -
and
2o = 22 exp - {k—‘?ﬁ + w<Z2/L'>} : (33)
%

where one first evaluates equation (32) for uy and then in turn evaluates
equation (33) for z, based upon this value of u.

IV. RESULTS

The data used in the calculations in section III are shown in
table I, and the surface roughness length as a function of wind direc-
tion is shown in figure 2. To determine if there were any directional
variations in zo, the data in figure 2 were averaged over 30° sectors
beginning with 0° reckoned clockwise from north (see figure 3). The
broken-line portion of this graph associated with wind directions
between 240° and 270° was obtained by linearly interpolating between
the results of sectors 210° through 240° and 270° through 300°. This
diagram shows that in the sectors 150° through 180° and 240° through
300° the roughness length is significantly higher than the roughness
length associated with the other sectors. These high values of rough-
ness length in these sectors can be attributed to the presence of trees
upstream from the tower. The NASA 150-meter meteorological tower at KSC
and the surrounding vegetation are discussed in a report by Kaufman and
Keene (1965).

10



Based upon a sector average and the results shown in figure 3,
table II shows the values of roughness length and the associated wind
direction ranges appropriate for analyzing wind profiles from the NASA
150-meter meteorological tower. The statistical error for the roughness
length in sectors 1, 3, and 5 is .l14m and is based upon 32 observations.
Since the observations in the other sectors were not sufficiently
numerous to obtain a reliable estimate of the statistical error, the
result must be considered tentative.

TABLE II
Wind Direction (@) Zg
Sector (degrees) (meters)
1 0° £ 8 < 150° 0.23
2 150° = g < 180° 0.51
3 180° = 8 < 240° 0.23
4 240° = g < 300° 0.65
5 300° = g < 360° 0.23

11



STzg|11y” 195" - €€z~ 6S 6.8 Y L0°1- z9 920" | 6£80~6€.0|19/52/8
5'98|e67° 559° - 1 Y- Lt 90€°¢ 8G - 6L ST6'y | 62Z1-6Z11(L9/%T/8
9°¢8|11Z" |€LT 2~ 61~ LT1 $$8°C 8,70~ 911 £€69°C | S160-ST80 [L9/L1/8
6°78(19Z° {%95°1- 6877~ 661 1109 AT 00T 194°¢ | 9%60-9160 |£9/01/8
CC8(H6T” [vLT 1~ 0z ¢~ S11 16L°% 19°1- 4A BOS'H | 6%%1-61%1 19/60/8
z708(9iy" |6vz* - sz Z- Z6 S6L°¢ 96'0~ 101 IHT'S | 0£01-0€60 [£9/€0/8
G'Z8|S1H"jL9L" - 6L°Z- L11 99/°¢ 8¢ 1~ 001 ®i%"¢ | GETI-SETT |£9/10/8
S 68|9zs° [19%" - (s°z- zL1 6EL" Y 8c°1- 661 0LL°€ | L€TT-9€TT |£9/82/¢L
£ e8levi” [6v1°z- €672 1€2 Zh'¢ €1~ €€e SZ°'¢ | 6001-0%60 {L9/9Z/¢
2°98|6e2° [SL9°1- 95 - Sl 9Eh ¢ 62°1- €02 1€2°¢ | 0021-0€11 |£9/S2/L
6°18{%Z¢" [L£9" 1~ A ARA Z6 119°T L(1°1- 06 106°Z | $%80-ST180 |£9/0T/L
1°98]|6L0° [L€0° 1~ 90" ¢~ Lz1 1SL°¢ £9°1- sz1 14%°S | O%E1-60€T |L9/L1/L
8°%8(s¢0" [68¢ 1~ 8L°2- 1A 9999 86 1~ 941 1S%°% | S9Z1-SHIT |£9/LT/L
1°6L]LL0° |6L0° + £ 0+ 12 80L" % 8170+ 012 766°¢ | 8C1Z-8€0Z |L9/T1/L
6°98|991° [z66°1~ 18° ¢~ (1} 6£8°€ wz- %) $€9°¢ | 0%Z1-0€T11 |£9/2T/L
0°/8]Z1%" [068" - 9€°¢~ €€1 060"y 1= 6€1 8LL°¢ | O%ET-0€2T |L9/11/¢L
$°98|080° [z58 2~ €1°¢- €6 €9L°¢ 08°1- S6 Z09°¢ | %1Z1-LOTI JL9/11/L
L798|618" |z£9° - 2672~ 691 6£0° % 96" 1~ 991 L69°¢ | €¥11-6€01 [L9/01/L
0°28[18¢" JIET" - LLT- Le1 064"y L6 - A g€y | v980-6€L0 | L9/9/L
L e8)8LT" (121 - 09°2- 8Z1 wZT'Y v 1- %e1 0€6°¢ | £501-Z%60 |{L9/12/9
z2°¢8(0L1" 695 zZ- 1°¢- LS 1507 € 68°1- 6S 968°Z | 0%60-9160 |£9/0Z/9
€ 6L|LvT  [€Ty T LE 9~ 1€€ 6.0°% 062~ 8¢¢ 828°¢ | 8%80-6%L0 [(9/61/9
1°%8|vLy" |10%" - L'z~ S6 £98°% L1°1- 06 SE¥'% | 90£1-9€Z1| L9/1/9
£°69(250° {115 - 29°2- 12X 06%°9 1671~ 449 ®S1°9 | SYTI-STTL |£9/%2/S
9 %8 (g1 (181" - 91 %~ €L1 €99° ¢ 26z~ €1 %88°9 | 80€1-0121 |29/22/5
1°8L]692" |L6y° - 96°4- 62 80%°9 9¢ ¢~ T4 9€6°S | SOET-STZT [L9/L1/S
S vglesy |oLT - €8~ 791 12971 %8z~ %91 816°9 | 0€ZT-0ETT [L9/11/S
1°68|165" |16 - e €Lz 291°9 0L 1~ 082 %9S°C | TYET-THT1|L9/80/S
S'1.{00Z° €81 - 16°¢-~ 01 11€°6 Lgz- < 186°8 | BOTI-6€0T |£9/8T /%
%6968 loz1" - €9°¢- 182 Z15°¢L L0z~ 162 009°9 | SOSI-SEYT [£9/8Z/%
0°88 (%88 {€80° - 6L°C~ 182 Z88°9 19°1- 982 L10°9 | zZH1-2S€1{L9/L2/%
0°18|S15" |zze” - S04~ %61 %01°9 o A A %61 8£S°S | OWTT=LOTI {L9/ST/%
1°6L|%1¢" |9gL” - WA 9% $L0°¢ %9°Z- 6€ OTL'% | 0E0T-600T [£9/5T/%
s iLf1z1| z8 g~ 6.°¢~ SET €L8°9 9z'z- 621 89%'9 | 00€1-6121 |L9/12/Y
$°9.1660° |zzs” - Ly 65 el L €1°¢- %g 8LZ°L | 1#€1-00€T |L9/02 /%
ST 9LfLLT {961 - 6¢°¢- 601 £76°8 ¢ 1- €01 9L1°8 | 0%60-0680 (L9/€1/%
§°7.|980° |z61° - Lz~ 9L $59°6 H°1- 99 720°6 | %¥£60-v€80 |L9/1€/€
0°9L|11Z" |vgE"1- 69°¢~ VIAS 789°% 80°2- STE %O%° % | 1ZT1-2S0T |L9/%Z /¢
§$"L9161Z° | 9070~ %1'g- Z1 Z6€°¢T 1L 1- 8 8L1°21 | SSOT-€€60 |L9/91/¢
(N mox3 o) Aanuwm\av (N wox3y o) A.Tumm\ﬁv 1S3
() | (m (e2) T8 (d,) uoT1da1t@| paads (d,) Uo¥10311q| paads s a1mq
(©1f % [N ey ooz | purm PutM (€)1 - (8U)L| purm puTM L ?
W og wog ugy mg{

I T14VL

12



1.0

0.5

S

.05 1////,

| 1 | 1

.01
.01

FIG. 1.

05 0.1

PANOFSKY'S

0.5

y FOR Ri

1.0

<-001

13



NOILJ3YIQ ONIM SA SHLON3T SS3INHONOY Q3LVINITVI

(6ap) wvorjdas1q puim

09¢ 0Le

08t

¢ 9

-

0t
\j

(ss9j9w) Oz

14



NOILO3YIG ONIM SNSY3A HIONIT SSINHONOY 3IJOVYH3IAV ‘¢ 91

(Bap) UOIIdAIIQ PUIM
09¢ 042 08} 06 0

-

o - - o=

90

80

ot

\

(s199w ) 0z

15



16

REFERENCES

Kaufman, J. W. and L. F. Keene, '"NASA's 150-Meter Meteorological
Tower Located at Cape Kennedy, Florida,' NASA TM X-53259, May 12,
1965.

Blackadar, A. K., et al., "Flux of Heat and Momentum in the Planetary
Boundary Layer of the Atmosphere,' The Pennsylvania State University
Mineral Industries Experiment Station, Dept. of Meteorology. Pre-
pared for Air Force Research Laboratories, Office of Aerospace
Research, USAF, Bedford, Mass. under contract No. AF(604)-6641,

July 31, 1965,

Blackadar, A. K., "External Parameters of the Wind Flow in the
Barotropic Boundary Layer of the Atmosphere,' presented at the
Study Conference on the Global Atmospheric Research Program,
27 June to 11 July 1967.

Lumley, J. T. and H. A. Panofsky, The Structure of Atmospheric
Turbulence, Interscience Publishers, John Wiley and Sons, Inc.,
New York, 1964.




APPROVAL NASA T™ X-53690

AN ANALYSIS OF THE ROUGHNESS LENGTH ASSOCIATED WITH
THE NASA 150-METER METEOROLOGICAL TOWER

by George H. Fichtl

The information in this report has been reviewed for security
classification. Review of any information concerning Department of
Defense or Atomic Energy Commission programs has been made by the MSFC
Security Classification Officer. This report, in its entirety, has
been determined to be unclassified.

This document has also been reviewed and approved for technical
accuracy.

e

KX‘;QJL/ yAAe

John Kaufman ”
Acting Chief, Atmospheric Dynamics Branch

(o Lo %ﬂv

W. W. Vaughan
Chief, Aerospace |[Environment Division

RS ftena B

E. D. Geissler
Director, Aero-Astrodynamics Laboratory

17



DEP-T

I-MO
Dr. Speer

R-EQ
Dr. Johnson

R-SSL
Dr. Stuhlinger

R-TEST’
Mr. Heimburg

R-COMP
Dr. Hoelzer
Mr. Harness (2)

R-P&VE
Dr. Lucas
Mr. Kroll (2)
Mr. Hunt
Mr. Showers
Mr. Moore
Mr. Stevens

R-ASTR
Dr. Haeussermann
Mr. Blackstone
Mr. Mink
Mr. Hosenthien

I-MT
Mr. Lee Nybo

MS-IP
MS-IL (8)
MS-H
HME-P
CcC-P
MS-T (6)
I-RM-M

18

DISTRIBUTION

R-AERQ
Dr. Geissler
Mr. Jean
Mr. Thomae
Mr. Dahm (2)
Mr. Holderer
Mr. Reed (3)
Mr. Felix
Mr. Horn
Mr. Rheinfurth
Mr. Ryan
Mr. T. Deaton
Mr. Lindberg
Mr. Stone
Mr. Hagood (2)
Mr. Baker
Mr. Blair
Mr. McNair
Mr. Lavender
Mr. Teague
Mr. Thionnet
Dr. Heybey
Mr. Murphree
Mr. C. Brown
Mr. Daniels
Mr. Kaufman
Mr. Fichtl (50)
Mr. O. Smith
Mr. R. Smith
Mr. W. W. Vaughan (3)
Mr. R. Turner
Mr. Camp
Mr. Susko
Mr. Hill
Mr, Alexander



EXTERNAL DISTRIBUTION

Technical & Scientific Info. Facility (25)
Box 33

College Park, Md.

Attn: NASA Rep (S-AK/RKT)

NASA Headquarters
Washington, D. C. 20546

Office of Advanced Research & Technology

Attn: Mr. M. Charak (2) Mr. D. Gilstad
Mr. T. Cooney Mr. D. Mitchell
Mr. M. Ames Mr. M. Charak
Mr. F. Stephenson Mr. D. Michel (2)
Office of Space Science and Applications
Attn: Mr, W. F. Bos
Mr. J. A. Salmanson
Mr. Wm. Spreen
OMSF
Attn: Mr. Kenney
NASA-Kennedy Space Flight Center
Cocoa Beach, Fla. 32931
Attn: Dr. H. F., Gruene, K-LVO Col, Bagnulo, K-EDV-2
Dr. Bruns, K-INS-1 Dr. Knothe, K-TEC (2)
Col. Petrone, K-PPR Mr. Sendler, K-INS
Mr. Taiani, K-NP Mr. J. Deese, K-EDV-23
NASA-Langley Research Center
Langley Field, Va.
Attn: Mr. H. Morgan Mr. W. H. Reed, III
Mr. V. Alley Mr. H. B. Tolefson

Mr., I. E. Garrick

NASA~Lewis Research Center

21000 Brookpark Rd.

Cleveland, Ohio 44135

Attn: Mr, J. C. Estes
Library (2)

NASA-Manned Spacecraft Center

Houston, Texas 77001

Attn: Mr. Donald C. Wade (3)
Mr. John Mayer
Library (2)

19



EXTERNAL DISTRIBUTION (Continued)

Mr. William Elam (2)
Bellcomm, Inc,

1100 17th St. N,W,
Washington, D. C.

Commander

Headquarters, Air Weather Service

Scott Air Force Base, Ill. 62225

Attn: Dr. Robert D. Fletcher
Library (2)

Mr. Kenneth Nagler
U. S: Weather Bureau
Washington, D. C.

Office of Staff Meteorologist (2)
AFSC (SCWTS)

Andrews Air Force Base
Washington, D. C. 20331

Air Force Systems Command (2)
Space Systems Division

Air Force Unit Post Office
Los Angeles, Calif 90045

Meteorological & Geoastrophysical Abstracts
P. 0. Box 1736
Washington, D. C. 20013

Air Force Cambridge Research Laboratories
Bedford, Mass.
Attn: Duane Haugen (2) Technical Library (5)
Dr. J. W. Salisbury Mr. Norman Sissenwine (2)

Lt. Col. H. R. Montague (3)
AFETR
Patrick AFB, Fla. 32925

Dr. 0. Essenwanger
AMSMI-RRA, Bldg. 5429

U. S. Army Missile Command
Redstone Arsenal, Ala,

20



EXTERNAL DISTRIBUTION (Continued)

Mr. Orville Daniel

PAWA/GMRD, AFMTC

MU-235, Technical Library

Patrick Air Force Base, Fla. 32925

Mr. John F, Spurling
NASA, Wallops Station
Wallops Island, Va.

Martin-Marietta Corp.
Aerospace Div.

P. 0. Box 179

Denver 1, Colorado

Attn: Mr. Jerold M. Bidwell

Mr. George Muller (FDTR)

Air Force Flight Dynamics Lab.
Air Force Systems Command
Wright~-Patterson AFB, Ohio

Dr. Morris Tepper

Director, Meteorological Systems
NASA

Washington, D. C. 20546

North American Aviation, Inc,
Space & Information Systems Div.
12214 Lakewood Blvd.

Attn: Mr. Clyde D. Martin

Dr. C. E. Buell

Karman Nuclear

Garden of the Gods Rd.
Colorado Springs, Colorado

Dr. Arnold Court
17168 Septo St.
Northridge, Calif.

Space Technology Lab., Inc.

Structures Dept.

One Space Park

Redondo Beach, Calif.

Attn: Mr. Marvin White
Mr, Sol Lutwak



EXTERNAL DISTRIBUTION (Continued)

Mr. Brian O. Montgomery
MSFC Resident Representative
Kennedy Space Center, Fla.

Mr. Thomas Y. Palmer

Research Specialist, Aerospace Div.

Boeing Co., MS-2381 656-PS88
P. 0. Box 3703
Seattle, Washington

NASA-Langley Research Center

Langley Field, Va,.

Attn: Mr, H. B. Tolefson (2)
Mr. W. Reed ITI
Library (2)

NASA-Kennedy Space Center
Attn: Mr., Phil Claybourne

Mr. Ralph Jones

Mr. Ernest Ammon (Weather Bureau) Library

Mr. Lester Keene

Mr. Fred Martin
General Dynamics
5873 Kearny Villa Rd.
San Diego, Calif.

Lockheed Co.

Sunnyvale, Calif. 94088

Attn: Dr. Geo. Boccius
Mr. H. R. Allison

National Center for Atmospheric Research

Boulder, Colorado 80302

Institute for Environmental Research

ESSA
Boulder, Colorado

Dr. Hans Panofsky (2)

The Pennsylvania State Univ,
503 Deitu Bldg.

Dept. of Meteorology
University Park, Pa, 16802

22



EXTERNAL DISTRIBUTION (Continued)

Dr. George McVehil (2)

Cornell Aeronautical Laboratory, Inc.
4455 Genesea St,

Buffalo, New York 14221

Dr. James R. Scoggins
The Texas A&M University
Dept. of Meteorology
College Station, Texas

R. A. Taft Sanitary Engineering Center
Public Health Service

4676 Columbia Parkway

Cincinnati, Ohio 45202

Meteorology Division (2)
U. S. Army Dugway Proving Ground
Dugway, Utah 84022

Atmospheric Sciences Lab. (2)
U. S. Army Electronics Command
White Sands Missile Range, New Mexico 88002

B. N. Charles

Aerospace Corp.

Box 95085

Los Angeles, Calif 90045

Dr. H. Crutcher
ESSA - National Weather Records Center
Asheville, N, C. 28801

Dr. Frank Gifford

Director Atmospheric Diffusion Lab.
U. S. Weather Bureau, ESSA
QOakridge, Tenn.






